Objective: The NIH Toolbox for Assessment of Neurological and Behavioral Function (NIH Toolbox) is a comprehensive battery of brief assessment tools. The purpose of this article is to describe plans to establish normative reference values for the NIH Toolbox measures.
The NIH Toolbox for Assessment of Neurological and Behavioral Function (NIH Toolbox) initiative was created in 2004 under the auspices of the NIH Blueprint for Neuroscience Research. 1 After evaluation of nearly 1,400 existing tests, 48 instruments were identified for development and inclusion in the NIH Toolbox, a comprehensive battery of brief assessment tools. Some of the selected instruments were available for immediate inclusion, while others are the results of refinements of existing instruments, and others still were newly developed in this effort. Collectively, these instruments will quickly and effectively measure motor, cognition, sensation, and emotion domains in individuals ranging in age from 3 to 85 years. The 48 NIH Toolbox instruments were developed using state-of-the-science methods to maximize their precision and efficiency and ensure their usefulness across the lifespan. The reliability and validity of the instruments are evaluated elsewhere (e.g., Rine et al. 2 ). An additional objective of the NIH Toolbox collaborative was to facilitate interpretation of scores by creating reference values (norms). Example questions that norms answer are "How does this person's score compare to the general population?" "How does this person's score compare to the score of another person her age?" and "How does this score compare to this person's score at an earlier or later age?"
The development of norms requires several steps, 3, 4 including 1) identifying the relevant population, 2) determining the statistics to be computed (e.g., medians, means, SDs, percentile ranks) and designing a sampling plan that yields allowable levels of sampling error and adequate sample size, 3) collecting the data, 4) computing normative values for all groups and subgroups of interest and developing tables that report norms, and 5) disseminating guidance for interpreting the obtained norms. Presented in this report are the methodologic considerations and decisions used to develop a norming plan for the NIH Toolbox measures.
RELEVANT POPULATION The first decision made in developing a plan for NIH Toolbox measures was to collect data from both children and adults and both English and Spanish speakers. This norming sample reflects the intended use of the NIH Toolbox. The NIH Toolbox's target population is the estimated 285 million civilian, noninstitutionalized English-or Spanish-speaking individuals, ages 3-85, living in the United States. 5 More specifically, the target population includes persons with the following characteristics: 1) community-dwelling and noninstitutionalized, 2) ages 3-85 years, 3) capable of following test instructions (English or Spanish), and 4) able to give informed consent or, in the case of children age 8 or older, give assent with accompanying informed consent by proxy (i.e., parent/guardian). For a subset of measures, additional eligibility criteria include adequate visual, auditory, vestibular, or motor functioning (with or without assistance or assistive devices). In addition to national norms, norms are planned for age, sex, and primary or dominant language (English or Spanish) subgroups. Future studies may aim to create norms in different populations.
NORMING STATISTICS AND SAMPLING PLAN The NIH Toolbox team identified the need for several norming statistics (percentile ranks, medians, means, and SDs) computed for the reference population and for relevant subgroups.
Sampling design. A stratified sampling strategy is proposed for the NIH Toolbox norming study. In this approach, nonoverlapping categories called "strata" are defined for each demographic subgroup. For the NIH Toolbox norming study, strata are defined by age, sex, and primary language (tables 1 and 2). The language stratification was implemented due to the parallel English and Spanish versions of the NIH Toolbox and to ensure that a minimum number of Spanishspeaking participants were enrolled. Age was considered an important stratification factor because performance on many instruments of the NIH Toolbox was expected to vary greatly by age and we recognized a need to capture the extent of developmental change. Sex was included because of the ease of doing so and the important face validity of having equal participation of males and females in the study. Motor and Emotion Domain scores were also expected to differ by sex. Age is based on the last birthday (e.g., age 3 includes those 3 years and 0 days through 364 days). Census data estimates indicated that fewer than 2% of children 8-17 years of age have Spanish as their dominant language (i.e., report themselves as Spanish-speakers who either do not speak English or speak English "but not well") 5 ; therefore, we will not attempt to populate these strata (0 sample size is entered for the Spanish columns for these 10 rows in table 2). While it was deemed cost-prohibitive to add further stratification factors, within each age stratum, target quotas were set relative to the US population distribution of race, ethnicity, and level of education (parents' education for children).
Sample size. A total sample size of 4,205 individuals is planned to ensure that at least 25 to 100 individuals Spanish as their dominant language; therefore, children in these strata will not be enrolled.
per stratum of each targeted subgroup are included (tables 1 and 2). In addition to the 4,000 individuals depicted in tables 1 and 2, 105 pregnant women (35 pregnant less than 3 months and 70 pregnant 3 months or more) and 100 mothers (mothers of children listed in table 2) were included in the sample. Funding for these activities was provided jointly by the NIH Blueprint for Neuroscience Research and the National Children's Study. These proposed sample sizes will provide 95% confidence intervals within strata with approximate precision of 60.20 (n 5 100) to 60.39 (n 5 25) SD units. Additional analyses may combine strata to achieve greater levels of precision.
Measures. The NIH Toolbox comprised both primary and supplemental measures. The supplemental measures are ones endorsed by the study team but are not among the core measures of the NIH Toolbox. A measure could be designated as "supplemental" rather than as part of the NIH Toolbox for a number of reasons: 1) evidence supporting an instrument's reliability and validity is insufficient or only available for a limited age range, 2) its inclusion would increase the NIH Toolbox administration time beyond a level deemed acceptable to most researchers, or 3) its expense would make the NIH Toolbox cost-prohibitive. A matrix sampling design is planned to obtain data on supplemental measures. This design will result in smaller sample sizes for some instruments and, therefore, norms with wider confidence intervals than those obtained for the primary NIH Toolbox measures. However, this approach was judged to be costeffective for nonprimary NIH Toolbox instruments.
To evaluate the representativeness of our norming sample, we will collect additional demographic variables including race/ethnicity and level of education of adult participants and parents of child participants. These results will be compared against known values in the reference population.
DATA COLLECTION Delve, Inc., a market research company, has been contracted to administer the NIH Toolbox measures to a sample randomly selected from existing databases maintained by Delve, La Verdad, and Facts 'n Figures market research companies following the NIH Toolbox sampling plan. These databases were assembled using a variety of methods including online self-enrollment, enrollment events hosted by the companies, and random telephone calls from market research representatives. Sites for the norming study (Atlanta, Chicago-Oak Brook, Cincinnati, Columbus, Dallas, Los Angeles, Minneapolis, Philadelphia, Phoenix, St. Louis) were selected to correspond with Delve office locations and to maximize the ability to meet sample cell size requirements.
Potential study participants will be randomly selected from the existing databases. Selected individuals will be called at home and screened to ascertain eligibility in sociodemographic and linguistic categories defined by the NIH Toolbox sampling plan. If eligible, a testing appointment will be scheduled at a nearby testing location. Scheduled respondents will be sent a package of detailed information regarding what they can expect on the day of testing, directions to the testing site, and a telephone number to call if they have questions about the study. They will also receive a reminder call about their appointment 2-3 days in advance and given the opportunity to reschedule if the scheduled appointment is no longer convenient. In addition, participants who do not keep their testing appointment will receive a follow-up call inviting them to reschedule.
Delve field technicians will be trained by the NIH Toolbox staff to administer all study measures to participants using a train-the-trainer model. Training will take place over 4½ days in Chicago. Technicians will return to their sites to practice for 1 week. Then they will go to St. Louis for live-testing observation by 2 professionals from the NIH Toolbox staff. Examiners will use a certification log documenting critical aspects of each test as feedback to these administrators. Upon completing the certification process, each technician will return to his or her site and train his or her own staff using the same model. After 1 week of training and a second week of practice, professional certifiers from the NIH Toolbox will be sent to each site to observe and certify the local administrators. Some individuals may require more practice or be deemed uncertifiable. If it is determined that a technician needs more practice, the individual will be retested for certification by a trained and certified regional manager. A month into the testing, the NIH Toolbox professionals or Delve staff trained and certified by the NIH Toolbox staff will audit the sites to ensure the tests are being administered correctly.
Examiners will do very little data entry, since most tests feed data directly into the assessment laptop. The only significant data entry effort will be entering data from the initial paper questionnaire into the database. Every data entry will be double checked by a person other than the one who made the entry. Weekly data extractions will be conducted by the NIH Toolbox team and administrator logs will be examined to identify assessment problems that need to be addressed.
Proxies (i.e., parents/guardians) will be included for child participants. The preferred proxy is the household member with the most knowledge about the child. Emotion measures will be completed by proxy for children ages 3-7. A subset of the emotion measures for children ages 8-12 will be completed by both self-report and proxy. For all pediatric participants (i.e., ages 3-17), proxies will complete questions relating to personal and household demographics and health history. Proxy respondents for adult participants will not be allowed as development and validation of a separate proxy battery is outside the scope of this project.
We estimate the time required for adults and children ages 8-17 to complete the 4 modules of the NIH Toolbox to be approximately 2 hours. For children ages 3-7 years, we estimate testing time to be 1-1.5 hours. Supplemental NIH Toolbox instruments and additional questionnaires will add roughly 30-60 additional minutes to assessment time.
COMPUTING NORMATIVE VALUES Methods to minimize and quantify nonresponse. Several strategies will be used to maximize response rates. As described under Data Collection, these include sending scheduled respondents a detailed package of information that includes directions to the testing site and information regarding what participants can expect on the day of testing, a reminder call about their appointment 2-3 days in advance, and the opportunity to reschedule a missed appointment. In accordance with Delve's standards, compensation of $120 will be provided to adult participants and $90 to families of child participants (given to the child if the child is old enough to provide assent) who complete testing.
The sample is designed to achieve target numbers within each cell. Normative values will be calculated within each cell. This will ensure that the impact of any nonresponse bias is contained and does not spread across cells. To evaluate the representativeness of the sample, we will compare weighted sample respondents to the US subpopulations (age, sex, and language) on a set of demographic variables such as geographical region, household income, education, race, and household size. We will compare early study participants with later participants to see if household characteristics and demographics are comparable.
Computing norms. Sample weights will be constructed using the following 4 variables: 1) sex (male, female), 2) age (see tables 1 and 2 for strata), 3) race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and non-Hispanic other), and 4) education (less than high school, high school diploma/general educational development, and more than high school; using parents' education for children). Iterative proportional fitting, or raking, will be used because of the sparseness of some cells in a 4-way cross-tabulation. The method of raking requires using an iterative proportional fitting procedure under marginal constraints. The marginal population distributions of sex, age, and race/ethnicity will be obtained from Census 2010 Summary File 1. 6 The education distribution will be estimated by analyzing the 2010 American Community Survey. The iterative proportional fitting procedure was first introduced by Deming and Stephan, 7 and more details can be found in Bishop et al., 8 Fienberg, 9 and Little and Rubin. 10 Before the computation of the weights begins, we will impute random values for cases with missing data on race/ ethnicity or education using probabilities proportional to observed distributions.
Missing data will not be imputed. Normative values will be based on available data only. Order of administration of the tasks is randomized to control for the impact of missing data that might occur due to time constraints. Summary tables of norms for each of the NIH Toolbox instruments will be prepared by age, sex, and language using the weighted data. Descriptive statistics presented in the summary tables will include means and SDs, percentiles (minimum, 5th percentile, 25th percentile, median, 75th percentile, 95th percentile, maximum), and the frequency of respondents at the floor and ceiling. Because the scores for the NIH Toolbox instruments are on many different measurement scales, rank-based normalized scores will also be calculated and scaled to have a mean of 100 and a SD of 15 to allow for simplified interpretation and comparison among instruments. Normalized scores adjusted for age and multiple demographic variables (e.g., age, sex, education, language) will be calculated using linear regression techniques. A user's guide will be prepared that explains the methods and includes normative reference tables. The public release of the NIH Toolbox software will provide data exports that include these normalized and adjusted scores in addition to the instrument raw scores on their original scale. The full dataset for this norming study will also be de-identified and available on request for researchers who may wish to calculate normative values using an alternative methodology.
GUIDELINES FOR USE OF THE NIH TOOLBOX
NORMS The NIH Toolbox is a battery for assessing neurologic and behavioral function that will facilitate comparison across future studies. The availability of norms for the NIH Toolbox measures will be a unique resource for investigators. However, NIH Toolbox users must be aware of limitations in interpretation of these norms. This is especially true when making comparisons in extreme percentile ranges (e.g., 5% and 95%). The NIH Toolbox was designed to discriminate within the general population and not to differentiate "normal" from "abnormal" scores. Particular caution should be exercised in interpreting norms that will be based on smaller sample sizes (e.g., some subgroups and some supplemental NIH Toolbox measures).
When interpreting the NIH Toolbox norms, investigators should keep in mind the reference population: noninstitutionalized individuals age 3-85 dwelling in the community, and cognitively able to give informed consent or assent where appropriate. For some measures, participants will have to have adequate visual, auditory, vestibular, or motor functioning (with or without assistance or assistive devices) to complete measures.
During norming, additional information on race, education, medical status, and other relevant factors will be collected that will allow us to compare the normative sample, even though it is not a probabilitybased sample, to the US population. These results will assist in the proper interpretation and use of the data. Substantial effort will be expended to obtain a highly representative sample; however, it should be noted that this sample will be collected using quota sampling techniques as opposed to fully random sampling techniques. Thus, the estimated standard errors may differ from the true standard errors. Furthermore, participation rates are expected to vary by age and other demographic variables, reducing certainty of calculated normative values for some subgroups.
Though caution is advisable in interpreting norms from any study, the NIH Toolbox norming study has been designed to minimize bias and maximize representativeness and precision of estimates. Knowing the expected distributions and variability of test results will allow investigators to calculate appropriate sample size estimates for future studies. Even more important, the availability of a "toolbox" of normed measures will be an important foundation for addressing critical research questions regarding neurologic and behavioral health.
